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BASIC-ABSTRACT: 
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soluble and 

cation polymer i sable and solid at normal temp, and pressure; (B) 
polymer isable 

monomer having at least one radical polymerisable ethylenically 
unsatd . 

coupling which is liq. at normal temp, normal pressure and which has 
a b.pt. of 

100? C or more at normal temp, and having refractive index different 
from the 

heat hardener epoxy oligomer and/or monomer (A) ; (C) photoinitiator 
for 

generating radicals and Bronsted acid or Lewis acid for activating a 
radical 

polymerisation and a cation polymerisation at the same time when it 
is exposed 

by chemical action radiation; ana (D) sensitising dye for sensitising 
the 

photoinitiator . 

ADVANTAGE - The hologram material and recording medium have good 
chemical 

stability, environmental resistance resolution, diffraction 
efficiency, 

transparency and regenerated wavelength reproducibility. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. !n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention starts the hologram photosensitive recording materia! 
used for volume phase type hologram formation, a hologram photosensitive recording medium, 
and the hologram manufacturing method using it, To visible light especially argon laser 
radiation, or an electron beam, by high sensitivity. Furthermore, it excels in weatherability and 
preservation stability, and hologram weighted solidity, such as resolution, diffraction efficiency, 
and transparency, is related with a good hologram photosensitive recording material, a 
hologram photosensitive recording medium, and the hologram manufacturing method using it. 
[0002] 

[Description of the Prior Art]Conventiona!ly, since reproduction of a three-dimensional 
stereoscopic model is possible for a hologram, it is used for the display of covers, such as 
books and a magazine, POP, etc., the gift, etc. from the outstanding design nature and the 
ornament effect. Since it can say that a hologram is equivalent to record of the information on 
a submicron unit, it is used for the mark for forgery prevention, such as negotiable securities 
and a credit card, etc. 

[0003]Since especially the volume phase type hologram can modulate a phase, without 
absorbing the optical beam which passes an image by forming the spatial interference fringe 
from which the refractive index instead of optical absorbance differs into a hologram recording 
medium, In recent years, the application to the hologram optical element (HOE) represented 
by the HUD (HUD) for automobile loading other than a display use is expected. 
[0004]By the way, a volume phase type hologram recording material is exposed by high 
sensitivity to a laser beam with a visible oscillation wavelength, and it is required that high 
definition should moreover be shown. In actually using it for formation of a hologram, it is 
required that the characteristics, such as diffraction efficiency of a hologram, the wavelength 
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reproducibility of regenerated light, and a bandwidth (regenerated light full width at half 
maximum), should suit the purpose, in the hologram recording material for HOE, diffraction 
efficiency with 5000-6000 spatial frequency/mm especially Not less than 90%, As for the peak 
wavelength of 20-30 nm and a reproducing wave length, it is desirable for the full width at half 
maximum (bandwidth) of regenerated Sight to be less than 5 nm from photography wavelength, 
and to excel in preservation stability over a long period of time is also needed further. 
[0005]The general principle about hologram production is written in some the literature and the 
technical books of Chapter 2, for example, a "holographic display" (the volume for Junpei 
Tsujiuchi; Sangyo Tosho Publishing). According to these, it is placed by the coherent position 
of 2 light flux which irradiates a recording object thing with one side of a laser beam, and can 
generally receive the total-internal-reflection light from it, photosensitive recording medium, for 
example, Him plate for photographs. Another coherent light other than the catoptric light from a 
subject is directly irradiated by the recording medium, without hitting a subject. Object light and 
the light directly Irradiated with the catoptric light from a subject by the medium are called 
reference beam, and the interference fringe of a reference beam and object light is recorded 
as picture information. Next, if the processed recording medium is put to light and observed in 
the position of a suitable eye, the object image which the light from an illumination light source 
was diffracted by the hologram so that the wave front of the catoptric light which reached the 
recording medium first from the subject on the occasion of record might be reproduced, and 
resembled the real image of the subject as a result will be observed in three dimensions. The 
hologram which enters a reference beam and object light in a recording medium from the 
same direction, and is formed is known as a transmission type hologram. Generally the 
hologram which was entered and was mutually formed from the opposite hand of a recording 
medium on the other hand is known as a reflection type hologram. A transmission type 
hologram can be obtained by a publicly known method which is indicated, for example in a 
U.S. Pat. No. 3506327 gazette, a U.S. Pat. No. 3894787 gazette, etc. A reflection type 
hologram is producible by the publicly known method indicated by the U.S. Pat. No. 3532406 
gazette, for example. 

(0006]Refractive index modulation occurs as a value which compares the hologram formed as 
an image. This is a value of the incident light diffracted by the diffraction grating specified from 
diffraction efficiency and the thickness of a recording medium namely [ comparatively j, when 
the angle which 2 light flux makes with a medium directly similarly makes to a recording 
medium, and irradiates it and a diffraction grating is produced. Refractive index modulation is a 
quantitive measure of change of the refractive index produced in the exposure part of a volume 
type hologram and an unexposed part, i.e., the portion which light interferes and suits in slight 
strength, and the portion weakened mutually, and is a theoretical formula of a KOGERU nick 
(H. Kogelnik). It can ask by [Bell.Syst.Tech.J., 48 and 2909, . (1969)]. Compared with a 
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transmission type hologram, it is high-resolution, namely, generally, since a reflective phase 
type hologram has many interference fringes formed in per mm, it is difficult to record, and it is 
difficult to obtain high refractive index moduiation. 

[0007]Generaiiy as a recording material of such a volume phase type hologram, the 
photosensitive materials of a bleaching processing silver salt and a dichromated gelatin 
system have been used conventionally. The photosensitive materials of this dichromated 
gelatin system are a material most widely used for recording a volume phase type hologram 
with that high diffraction efficiency and tow noise characteristic. However, these photosensitive 
materials have short storage life, and must be prepared to the degree which is production. In 
order to perform wet developing, modification of a hologram is produced in swelling and the 
contraction process of gelatin which it is needed in the case of hologram production. For this 
reason, if also has the problem that the reproducibility of a hologram is bad. Silver salt 
sensitized materials are not photosensitive materials which need complicated processing and 
can be satisfied from a viewpoint of stability and workability after record. Each of these above- 
mentioned photosensitive materials had the problem of being inferior to an environmental 
capability-proof, for example, moisture resistance, and weatherability. 
[0008]On the other hand, the hologram recording material using poly-N-vinylcarbazole as a 
material provided with the characteristic that it should excel in an environmental capability- 
proof, and should have hologram recording materials, such as high resolution and high 
diffraction efficiency, is raised. For example, the hologram recording material which consists of 
an annular ****- alpha-dicarbonyl compound and a sensitizer as a cross linking agent (JP.60- 
45283.A), The hologram recording material which consists of 1 ,4,4,5,6,7,7-hexach!oro-5- 
norbornene anhydrous-2,3-dicarboxy!ic acid and coloring matter (JP,60-227280,A), The 
hologram recording material (JP,60-260080,A) which consists of 2,3-bornane dione and 
thioflavine, the hologram (JP.62-123489.A) which consists of thioflavin T and iodoform, etc. are 
proposed. However, since these hologram recording materials need wet developing too, Since 
it is the photosensitive materials which need complicated down stream processing, and have 
the problem of being inferior to reproducibility, and used poiy-N-vmyicarbazo!e as base resin, It 
is chemical stability, and although excelled in high resolution and an environmental capability- 
proof, it crystallizes, and is very easy to milk poly-N-vinylcarbazole, and the reproducibility of 
transparency has the problem that it will be bad and a solvent will also be restricted, in 
addition, still much more improvement is desired in the sensitivity characteristic. 
[0009]. As a material which can carry out photo-curing in high sensitivity, it is a constituent of a 
photopolymerization initiator. The photo-curing resin composition used in combination with 3- 
keto coumarins and diaryliodonium salt (JP,6Q-880Q5,A), The hologram recording material 
(JP,4-31590,A) which combined polymethylmethacrylate as this photopolymerization initiator 
and a support polymer is proposed, Although it is chemically stable and has high resolution 
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and high sensitivity, in order to make an opening form by a wet process, Since **** polymer 
dissolves in a swelling solvent a little in expansion of dispersion in the peak wavelength of a 
reproducing wave length, or the half breadth of peak wavelength, and the case of 
development, Since it has the problem that development unevenness occurs easily and many 
openings exist in a hologram further, it has the problem of being inferior to heat resistance and 
heat-resistant pressure nature. 

[0010]The photopolymerizatSon type photosensitive materials which can produce a hologram 
are indicated by the U.S. Pat. No. 3993485 gazette and the U.S. Pat. No. 3858526 gazette by 
1 time of down stream processing without a wet process to this problem. The former has 
photosensitive materials of two types and as the 1st example, reactivity and a refractive index - 
- things -- the combination of the unsaturation ethylene nature monomer and 
photopolymerization initiator in which two polymerizations are possible. For example, it is a 
photosensitive resin composition which can carry out hologram recording by consisting of 
cyclohexyl methacrylate, N-vinylcarbazole, and benzoin methyl ether, ****(ing) this to the glass 
plate of two sheets, and exposing by a 2 light-flux optical system. The unsaturation ethylene 
nature monomer which has a comparable refractive index as the 2nd example and which can 
be polymerized and the unsaturation ethylene nature monomer which works as a cross linking 
agent when it polymerizes, And four ingredients of two monomers, the nonresponsive 
compound which differs in a refractive index, and a polymerization initiator, For example, it is a 
photosensitive resin composition which consists of butyl methacrylate, ethylene glycol 
dimethacrylate, 1-phenyinaphthaiene, and benzoin methyl ether, and can produce a hologram 
like the 1st example. Even if it uses which photosensitive resin composition, the polymerization 
of a reactant high monomer progresses more in the portion to which the light intensity of the 
interference fringe made according to 2 light flux becomes strong, and. The concentration 
gradient of a monomer arises and a reactant high monomer diffuses a reactant low monomer 
or nonresponsive compound into a portion with strong light intensity again at a portion with 
weak light intensity. Thus, an interference fringe is recorded with the difference of a refractive 
index, and a volume phase type hologram is formed. 

[001 1 jHowever, if it is in such a conventional photosensitive resin composition for hologram 
recording, there are the following problems. Namely, a certain amount of [ a reactant low 
monomer ] polymerization takes place, and, as for what was shown in the 1st example, high 
refractive index modulation is not obtained. Since 1-phenylnaphthalene which is a 
nonresponsive compound exists in a system as a compound of low molecular weight even 
after hologram completion in the 2nd example, there is no preservation stability. It has many 
problems in workability and reproducibility that it is hard to form that it is hard to pinch to a 
substrate with the mixture of low molecular weight also in which example since viscosity is low, 
and a thick film etc. 
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[0012]!n the latter U.S. Pat. No. 3658526 gazette. The manufacturing method of the stable 
hologram which consists of a hologram recording material which blended the fluid monomer, 
the ethylene nature monomer in which photopolymerization is possible, and the 
photopolymerization initiator into the polymer matrix is indicated, and an eternal volume phase 
type hologram is obtained by 1-time exposure of chemical action radiation. The complete 
exposure of the continuing chemical action radiation is fixed to the hologram formed. Although 
the hologram recording material indicated here tends to give many advantages in respect of 
workability, reproducibility, etc., the diffraction efficiency is low. In this hologram recording 
material, the range of the refractive index modulation of the completed hologram is 0.001 to 
0.003. As a result, the reconstruction image of the formed hologram has only the limited 
luminosity. Although it is also possible to give a certain amount of luminosity by thickening a 
hologram recording layer, This solution brings a result for which a manufacturer is made to use 
a lot of hologram recording materials, and when making it fix in glass laminates, such as a 
certain medium, for example, the HUD for mount, etc., and using, it causes trouble. The 
hologram formed of this should be taken notice of that decline in diffraction efficiency generally 
takes place by prolonged preservation. 

[0013]lt is indicated by a U.S. Pat. No. 4942112 gazette, United States patent 5098803rd, 
JP,2-3081,A, and JP.2-3082.A as improvement art also including the manufacturing method of 
the hologram recording materia! indicated by this U.S. Pat. No. 3658526 gazette. 
Thermoplastics, the unsaturation ethylene nature monomer which can be polymerized, and a 
photopolymerization initiator are made into basic composition at these, In order to raise 
refractive index modulation, the work which gives refractive index difference to either 
thermoplastics or the unsaturation ethylene nature monomer which can be polymerized using 
the compound which has an aromatic ring is carried out. However, like that by which the U.S. 
Pat. No. 3658526 gazette indication is carried out, since resin of the amount of polymers is 
used as binder MATORIKUSSU, the diffusibiiity of the monomer at the time of exposure is 
restricted, many light exposures are needed and high diffraction efficiency cannot be acquired. 
In order to improve this point, the nonresponsive plasticizer is added, but it has a problem 
about the tunic intensity of the formed hologram by this use, and the plasticizer which is 
nonresponsiveness exists in a system as a compound of low molecular weight, and after 
hologram completion does not have preservation stability. In addition, since the carrier holding 
this is thermoplastics, it has a fault inferior to heat resistance. 

[0014jon the other hand, according to JP,5-107999,A which is the improvement art of the 
above-mentioned fault, a cationic polymerization nature monomer and a cationic initiator are 
blended instead of the plasticizer in the above-mentioned patent, and the problem by remains 
of a nonresponsive plasticizer is solved after hologram formation. 

[0015]However, since an optical exposure remarkable for fixing after hologram formation is 
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needed and the cationic polymerization nature monomer of low molecular weight is spread in 
the case of fixing, distortion arises in the formed hologram and high diffraction efficiency 
cannot be acquired. As well as conventional technology since the carrier holding this is 
thermoplastics, it has a fault inferior to heat resistance, By the system which does not use 
thermoplastics, it has many problems as a carrier for holding that it is hard to form that it is 
hard to pinch to a substrate and a thick film since viscosity is low etc, in workability and 
reproducibility. 

[0016]The photosensitive resin composition for hologram recording which consists of an epoxy 
resin, a radical polymerization nature unsaturation ethylene nature monomer, and an optica! 
radical polymerization agent is indicated by JP, 5-9401 4,A. As long as an example is seen, two 
kinds of epoxy resins are used, but. in order to require the complicated work of performing a 
radical polymerization and cationic polymerization with the fight of a separate wavelength band 
when an ultraviolet curing nature epoxy resin is used, and to prepare the diffusibility of a 
monomer, fine adjustment of raising viscosity according to a pre-exposure is needed, and 
workability and reproducibility are difficult. Workability is dramatically bad in order for 
hardening of the epoxy resin for fixing to take remarkable ultraviolet curing and cooking time, 
when thermoset epoxy resin and a hardening agent are used. In addition, high diffraction 
efficiency cannot be acquired in the improvement art indicated here. 
[0017] 

[Problem(s) to be Solved by the inventionjin the photopolymerization type photosensitive 
materials which can produce a hologram as described above, by 1 time of down stream 
processing without a wet process, It has a problem etc. of the preservation stability by addition 
of the problem of the polymerization nature of the monomer for obtaining refractive index 
modulation, or dispersibility, the carrier which supports a monomer, and a nonresponsive 
additive agent, Furthermore, the workability of hologram production, the diffraction efficiency of 
the hologram obtained, A hologram photosensitive recording material and the medium for 
hologram recording excellent in the hologram characteristics, such as transparency and 
reproducibility, cannot be obtained, but the photopolymerization nature constituent in which it 
was still improved for hologram recording is called for, and it can be said about the optical 
element especially using it that it is natural. Then, this invention is excellent in chemical 
stability, for example, a resistance to environment, especially heat resistance, and, moreover, 
by dry processing. It aims at providing the hologram photosensitive recording material 
excellent in high resolution, high diffraction efficiency, high transparency, and reproducing 
wave length reproducibility, a hologram photosensitive recording medium, and the hologram 
manufacturing method using it. 
[0018] 

[Means for Solving the ProblemjA hologram photosensitive recording materia! this invention is 
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characterized by that comprises the following. 

Thermosetting epoxy oligomer and/or a monomer containing a fiuorene derivative which it is 
made that an aforementioned problem should be solved, and (A) solvent fusibility and cationic 
polymerization are possible for the invention according to claim 1, and is a solid in ordinary 
temperature and ordinary pressure. 

(B) A polymerization nature monomer which has at least one or more ethylene nature 
unsaturated bonds whose boiling points it is a fluid in ordinary temperature and ordinary 
pressure, and are not less than 100 ** in ordinary pressure, and in which a radical 
polymerization is possible and from which thermosetting epoxy oligomer (A) and a refractive 
index differ. 

(C) A photoinitiator which generates simultaneously radical species and BURENSUTTEDO 
acid, or Lewis acid which will activate a radical polymerization and cationic polymerization if it 
exposes in chemical action radiation. 

(D) Sensitizing dye to which sensitization of the photoinitiator (C) is carried out. 

[0019]The invention according to claim 2 is characterized by a photoinitiator (C) being a 
diphenyliodonium salt in a hologram photosensitive recording material of claim 1 . 
[0020]The invention according to claim 3 is characterized by sensitizing dye (D) being the 
organic dye compound chosen from cyanine or a merocyanine system color, a coumarin series 
color, the CULCON system color, and a porphyrin system color in a hologram photosensitive 
recording materia! of claim 1. 

[0021 ]lt is a hologram photosensitive recording medium which the invention according to claim 
4 provides a photosensitive layer which applies on a substrate and dries a sensitizing solution 
which dissolved in a solvent and prepared the hologram photosensitive recording material 
according to claim 1 to 3, and an oxygen interception film, and is characterized by things. 
[0022]After the invention according to claim 5 gives holographic exposure and forms a latent 
image to a photosensitive layer of the hologram photosensitive recording medium according to 
claim 4, a range of it is 60-120 ** as only down stream processing, It is a hologram 
manufacturing method manufacturing a hologram by carrying out heat-treatment for 1 to 30 
minutes. 
[0023] 

[Function]ln the hologram recording by the hologram photosensitive recording material of this 
invention. The polymerization nature monomer (B) in which a radical polymerization is 
possible, Cationic polymerization is possible at solvent fusibility, and it is uniformly distributed 
in the solid phase which consists of thermosetting epoxy oligomer and/or the monomer (A) 
containing the fiuorene derivative which is a solid in ordinary temperature and ordinary 
pressure, In the strong part of the light interference operation in a laser radiation part by 
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irradiating this recording material with laser interference Sight, By operation of a sensitizer (D), 
a photoinitiator (C) generates simultaneously radical species and BURENSUTTEDO acid, or 
Lewis acid which activates a radical polymerization and cationic polymerization. Since a 
monomer (B) polymerizes, it follows on poiymer-izing and the density difference arises with the 
radical species by which it was generated here, a monomer (B) carries out spreading diffusion 
from the circumference. That is, in the strong part of the light interference operation in a laser 
radiation part, monomer concentration becomes high, and it becomes low in the weak part of 
the light interference operation in a laser radiation part. Epoxy oligomer and/or a monomer (A) 
are extruded by the weak part of the light interference operation in a laser radiation part, the 
concentration in the portion becomes high, and the concentration in the strong part of the light 
interference operation in a laser radiation part fails. Thereby, since refractive index difference 
is produced in both parts, what the latent image of a hologram is recorded on is presumed. 
The monomer which remained with heating after hologram exposure is fixed by polymerization, 
and. Epoxy oligomer and/or the monomer (A) which are base materials which exist in the 
circumference of the interference fringe formed from the density difference produced by the 
polymerization of the polymerization nature monomer (B) with the strong acid by which it was 
generated simultaneously with radical species serve as the structure of cross linkage by 
cationic polymerization, and a refractive index becomes high, Refractive index modulation is 
reinforced, Weatherability also improves according to this bridge construction. 
[0024] Refractive index modulation serves as a large hologram with high diffraction efficiency, 
and the hologram photosensitive recording material of this invention excels the conventional 
hologram recording material in the peak wavelength of regenerated light, and the 
reproducibility of the bandwidth. 

Since the environmental capability-proof is furthermore also excellent, it becomes applicable to 
a hologram optical element. 

[0025] 

[Example] Hereafter, this invention is explained in detail. Drawing 1 is a schematic diagram 
explaining the composition of the hologram photosensitive recording medium which consists of 
a hologram photosensitive recording material of this invention, and drawing 2 is an 
approximate account figure explaining the 2 light-flux optical system for hologram photography. 

[0028]The ingredient (A) which constitutes the hologram photosensitive recording material of 
this invention, Cationic polymerization is possible solvent soluble, it is thermosetting epoxy 
oligomer and/or the monomer containing the fiuorene derivative which is a solid in ordinary 
temperature and ordinary pressure, for example, the compound shown by following general 
formula (I), (II), and (III) can be mentioned. These can be obtained with the general synthetic 
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method of epoxy oligomer or a monomer, For example, by the method indicated to ! 'the 
laboratory procedure of polymers composition" (Takayuki Otsu, Masayoshi Kinoshita 
collaboration; Kagaku-Dojin) of Chapter 12, it is compoundable from a corresponding phenolic 
compound and epichlorohydrin. Without being limited to these, if it has the above-mentioned 
characteristic, it can use. 
[0027] 
[Formula 1] 

|* R| x — <" R| 1 Sl x R ' 

C^-CH-CHrFo-^i^ ( I ) 

0 { Ri CHj Ri OH ; " R, CH, R s 0 

[0028](n is zero or more integers among a formula, X shows a hydrogen atom, a methyl group, 
or an ethyl group, and R 1 shows a hydrogen atom or a bromine atom.) 

[0029] 
[Formula 2] 

i 



CH r CH-CH,4-0-<^^C-<!^0-CH r ^ CD) 



[0030](n is zero or more integers among a formula, X shows a hydrogen atom, a methyl group, 
or an ethyl group, and R 1 shows a hydrogen atom or a bromine atom.) 

[0031] 
[Formula 3] 

CH,-CH-CH,-f-Q p-CH.-CH-CH,-f-0 O-CK.-CH-CH, 





(n is zero or more integers among a formula.) 

[0032]ln this invention, two or more kinds can be mixed, thermosetting epoxy oligomer or a 
monomer can also be used, and thermosetting epoxy oligomer and a thermosetting epoxy 
monomer can also be mixed and used especially. It is also possible to add suitably epoxy 
oligomer or the monomer which furthermore does not contain a fluorene derivative. 
[0033]Next, as a polymerization nature monomer in which the radical polymerization of an 
ingredient (B) is possible, Thermosetting epoxy oligomer or a monomer (A) may differ from a 
refractive index in a structural unit, including at least one or more unsaturated bonds of 
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ethylene nature, a polyfunctions! vinyl monomer other than the vinyl monomer which is one 
organic functions may be included, and they may be these mixtures. According to the theory of 
Kogelnik, it is desirable for the refractive index difference of an ingredient (A) and an ingredient 
(B) to be 0.03 or more. Specifically Acrylic acid (meta), itaconic acid, maiesc acid, acrylamide 
(meta). To high boiling point vinyl monomers, such as diacetone acrylamide and 2- 
hydroxyethyl (meta) acrylate, and a pan. An aliphatic series polyhydroxy compound, for 
example, ethylene glucohol, diethylene giucohol, Triethylene glycol, tetraethylene glycol, 
propylene glycol, Dipropyiene glycol, tripropylene glycol, tetrapropyiene glycol, Neopenty! 
glycol, 1,3-propanedfol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanedioi, 1,10-Deccan dioi, 
Trimethyloipropane, pentaerythritoi, dipentaerythritol, Ji or poly(meta) acrylic ester, such as 
sorbitol and mannitol etc., Aiicyclic monomers, such as dimethylol tricyclodecane monoacrylate 
and dimethylol tricyclodecane diacrylate, JI or poiy(meta) acrylic ester, such as an aromatic 
polyhydroxy compound, for example, hydroquinone, resorcinol, catechol, pyrogallol, and 
bisphenoi A, The ethylene oxide denaturation (meta) acrylic ester of isocyanuric acid, etc. are 
mentioned. 

[0034]A diphenyliodonium salt etc. are able to carry out sensitization with an organic dye 
compound preferably as a photoinitiator system which will activate a radical polymerization and 
cationic polymerization if it exposes in the ingredient (C) chemical action radiation of this 
invention. As that of a diphenyliodonium salt which is used by this invention, Macromolecules, 
10, the compound indicated to 1307(1977)., For example, diphenyliodonium, JITORIRU 
iodonium, phenyl (p-anisy!) iodonium, Bis(m-nitrophenyi)iodonium, bis(p-tert-buthylphenyl) 
iodonium, Chloride of iodonium, such as bis(p-chiorophenyl)iodonium, iodonium salt, such as 
bromide or Howe fluoride salt, a hexafluorophosphate salt, and a hexafluoroarsenate salt, and 
doria - a reel SURUHONIMU salt and doria, although reel phosphonium salt, an iron arene 
complex, a triazine compound, etc. can be mentioned, It is not limited to these. It can use 
combining sensitizers, such as an organic dye compound described below. 
[0035]As sensitizing dye (D) of this invention, organic dye compounds, such as cyanine or a 
merocyanine system color, a coumarin series color, the CULCON system color, and a 
porphyrin system color, can be used, a concrete example -- the following - stating . 
[0036]As an example of cyanine or a merocyanine system color, Full ORESEN, a rhodamine, 
2' 7'-dich!oro full ORESEN, 3 , 3'-dicarboxyethyS-2,2'-thiocy a n i ne Bromide, An anhydro 3,3'- 
dicarboxyrnethyi-2,2'-thiocyanine betaine, The 1-carboxymethyl 1'-carboxyethy! 2, 2' kino 
cyaninebromide, Anhydro 3,3'-dicarboxyethyl-5,5',9-trimethyl 2,2'-thia carbocyanine Betaine, 
3,3'-dihydroxyethyl 5,5' dimethyl- 9~ethyl-2,2'-thia carbocyanine Bromide, Anhydro 3,3'- 
dicarboxymethyl-2,2 ! -thia carbocyanine Betaine, 2-[ethylidene-2-thia **********. methyl [ The 3- 
ethyl-4-oxo 5 -(1-ethyl-4-kino RINIDEN)- j]-3-ethyl ZEN20KISAZORIUMU Bromide, 3-ethyl-5- 
[ethylidene [ 2 -(3-ethyl-2-benzothia ZORiRIDEN)- j] rhodanine, 3-ethyl-5-[ethylidene [ 2 -(3- 
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methy!-2(3H)-thia ZORINIRIDEN)- ]]-2-thio- 2,4-OKISAZARI dione, 3-ethyl-5- (3-ethyl- 
ZENZOCHIAZORIRIDEN) Rhodanine, 2-(p-dimethylaminostyryl)-3-ethyl and benzo thiazolium 
Iodide, 2-(p-diethylaminostyryl)-1 -ethyl Pyridinium Iodide, 1 ,3 ! -diethyl- 2,2°-kino thia cyanine 
Although use of iodide etc, is preferred, it is not limited to these. 

[0037]As ars example of a coumarin series color, 3-(2'-benzimidazole)7-N and N-diethyjamino 
coumarin, 3,3'-carbonyl screw (7-diethylamino coumarin) and 3,3'-carbonyl bisque marine **. A 
3,3-carbonyl screw (7-methoxy coumarin), a 3,3'-carbonyl screw (5,7-dimethoxycoumarin), A 
3,3 ! -carbonyl screw (6-methoxy coumarin), a 3,3'-carbonyi screw (7-acetoxycoumartn), A 3,3'- 
carbonyl screw (5, 7-diisopropoxy coumarin), A 3,3'-carbony! screw (5, 7-di-n- 
propoxycoumarin), 3, 3'-carbonyl screw (5,7-di-n-butoxycoumarin), 3,3'-carbonyi screw (7- 
dimethylamino coumarin) and 7-diethylamino 5". 7" dimethoxy- 3,3'-carbonyl bisque marine **. 
3-benzoylcoumarin, a 3-benzoyi-5,7-dimethoxycoumarin, A 3-benzoyi-6-methoxy coumarin, a 
3-benzoyl-7-methoxy coumarin, a 3-benzoyl-8-methoxy coumarin, a 3-benzoyl-8- 
ethoxycoumarin, a 3~benzoyi-6-bromocoumarin, A 3-benzoyl-7-dimethy!amiRO coumarin, a 3- 
benzoyi-7-dieihylarnino coumarin, 3-benzoyi-7-hydroxycoumarin, a 3-acetyl-7-diethyiamino 
coumarin, A 3-acetyl-7-methoxy coumarin, a 3-acetyl-5,7-dimethoxycoumarin, Although a 7- 
dimethylamino 3-(4-iodobenzoyl) coumarin, a 7-diethylamino 3-(4-iodobenzoyl) coumarin, a 7- 
diethylamino 3-(4-diethyiamino benzoyl) coumarin, etc. are mentioned, it is not limited to these. 

[0038]As an example of the CULCON system color, although the following compounds are 
mentioned, it is not limited to these. 
[0039] 
[Formula 4] 
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X ' C0C * H 6 



^COC.H. 



CO s CH 3 
■CH-C' 

CO.CH, 



„„">-©-<»-* 

CH 8\ / CN 
CH/ ^ X COC s H 5 

::;>^ ch 

CH/ ^ X COC 8 H 6 

CH 3X v— \ /CN 

N N-(0)-CH-CH-CH-cC 
CH/ ^ X COC,M 5 

[0040]As a porphyrin system color, 9,10-dihydroporphyrin, 5,9,15,19-tetrarnethyl porphyrin, 
4,5,14,15-tetrahydro 4,9,14,19-tetramethyi 2,7,12,17-TETORAZA porphyrin, ****- 
tetraphenylporphyrin, 4,5,9,10,14,15,19, 20-octamethylporphyrin, 5,9, diacetyi- 
4,10,14,15,19,20-hexamethyi porphyrin, 5,9-diacetyi- 1 4-ethyi-4, 1 0, 1 5, 1 9,20- 
pentamethylporphyrin, 4,9,14,19-tetramethy! 5,10,1 5,20-tetrapropylporphyrin, The 2-amino- 
4,5,9,10,14,15,19, 20-octaethylporphyrin, The 2-niiro 4,5,9,10,14,15,19, 20-octaethy!porphyrin, 
****-********** tetrabenzoporphyrin and 4,5-dibromo-9,10-, 14,15-, and 19,20-Tori benzo- 
2,7,12,17-TERORAZA porphyrin, 4,5,9,10,14,15,19, 20-octapheny!porphyrin, Tetrakis (3,4- 
dimeihoxyphenyi) porphyrin, 4,5,9,10,14,15,19, 20-octa(p-methoxypheny) porphyrins and 
those copper, Although use of metal compiexes, such as cobalt, nickel, zinc, platinum, and 
magnesium, etc. is preferred, it is not limited to these. 

[0041 Jin addition (thio) the sensitizing dye which carries out sensitization of the photoinitiators 
(D), such as xanthene dye, an AZURENIUMU system color, a squarylium system color, a 
xanthone series (thio) color, and a tetrapyrazino porphyrazme system color, can be used. 
These sensitizers can be chosen so that the wavelength of the radiant ray which serves as a 
light source according to the purpose of use may be suited, and they may be used combining 
two or more kinds depending on a use. 

[0042]Thermosetting epoxy oligomer and/pr the monomer containing the fluorene derivative 
which (A) solvent fusibility and cationic polymerization are possible for the hologram 
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sensitization thermal recording materiai of this invention as described above, and is a solid in 
ordinary temperature and ordinary pressure, (B) The polymerization nature monomer which 
has at least one or more ethylene nature unsaturated bonds whose boiling points it is a fluid in 
ordinary temperature and ordinary pressure, and are not less than 100 ** in ordinary pressure, 
and in which a radical polymerization is possible, and differs in thermosetting epoxy oligomer 
(A) and a refractive index, (C) it consists of sensitizing dye which carries out sensitization of 
the photoinitiator which generates simultaneously radical species and BURENSUTTEDO acid, 
or Lewis acid which will activate a radical polymerization and cationic polymerization if it 
exposes in chemical action radiation, and the (D) photoinitiator (C), Usually, it is preferred that 
a recording materia! is the range of 100 weight sections from the polymerization nature 
monomer (B) 20 to epoxy oligomer (A) 100 weight section, If it deviates from this range, 
moreover it will become difficult to obtain a bright hologram with sufficient reproducibility, the 
quantity of the photoinitiator of an ingredient (C) is 1 to 10 weight sections from 0.1 preferably 
20 weight sections to ingredient (A) 100 weight section. The sensitizer of an ingredient (D) can 
take the ranges from 0.5 to 2 from 0.1 preferably 10 weight sections to ingredient (A) 100 
weight section. In order that the amount used may receive restriction with the optical density of 
the photosensitive layer thickness to form and its thickness, it is preferred to use it in the range 
in which optical density does not exceed 2 (or when considering it as transmissivity, it is 
preferred to consider it as the range that the transmissivity of the irradiation light at the time of 
hologram photography will be 1% or more). 

[0043]Furthermore, various additive agents, such as publicly known thermal polymerization 
inhibitor, a chain transfer agent, and an antioxidant, may be added to the hologram 
sensitization thermal recording material of this invention if needed. 

[0044]The sensitizing solution which chose each of these ingredients suitably, and was mixed 
and obtained at an arbitrary rate Thus, a spin coater, Using publicly known coating means, 
such as a roll coater and a bar coating machine, a glass plate and a polycarbonate board, It is 
the hologram photosensitive recording medium 1 for the usual hologram photography with 
which the hologram which what was applied in the shape of a coat on the substrates 2, such 
as a polymethylmethacrylate board and polyester film, shows to drawing 1 is produced. 
Furthermore on the photosensitive layer 3, the protective layer 4 may be formed as an oxygen 
interception film. A transparent thing is pasted together to the protective layer 4 optically 
[ plastics, such as polyolefine, polyvinyl chloride, a polyvinylidene chloride, polyvinyl alcohol, or 
polyethylene terephthalate, glass, etc. ], and it is formed in it of the coating of lamination by an 
extrusion machine etc., and a solution, etc. When applying a sensitizing solution, it may dilute 
with a suitable solvent if needed, but desiccation is required after applying on a substrate in 
that case. Preparing is desirable so that the transmissivity of the irradiation light at the time of 
photography may be 1 % or more. 
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[0045]Drawing .2 is a schematic diagram explaining the 2 light-flux optica! system for reflection 
type hologram photography, and the laser beam 6 oscillated from the laser 5 is irradiated by 
the hologram photosensitive recording medium 1 via the mirror 7, the beam splitter 8, the 
spatial filter 9, and the lens 10, In this invention, dry processing is performing the fixing process 
after the hologram photography by exposure. Although this invention does not carry out 
detailed explanation and graphic display, it is possible similarly about production of a 
transmission type hologram, and the transmission type hologram which has the outstanding 
hologram characteristic is obtained. 

[0046]When recording a hologram image on this hologram photosensitive recording medium 1, 
By adding laser radiation according to a desired picture, in the strong part of a light 
interference operation of a laser radiation part. When the polymerization nature monomer (B) 
which is uniformly distributed in the solid phase of thermosetting epoxy oligomer and/or a 
monomer (A) and in which a radical polymerization is possible makes it expose by laser (laser 
interference light) exposure, by operation of a photopolymerization initiator. It polymerizes, and 
in order to polymer-ize, movement of the polymerization nature monomer (B) in which the 
radical polymerization of the circumference is possible arises. For this reason, in the strong 
part of the light interference of a laser radiation part, the concentration of the polymerization 
nature monomer (B) in which a radical polymerization is possible becomes high, and the 
concentration of the polymerization nature monomer (B) in which a radical polymerization is 
possible falls by the weak part of a light interference operation. Furthermore, thermosetting 
epoxy oligomer and/or a monomer (A) are extruded by the weak part of the light interference 
operation in a laser radiation part, the concentration in the portion becomes high, and the 
concentration in the strong part of the light interference operation in a laser radiation part falls. 
That is, refractive index difference is produced in both parts, the refractive index modulation by 
refractive indicees differing arises from the density difference of the strong part of the light 
interference of the hologram photosensitive recording medium 1 , and the weak part of a light 
interference operation by this, and hologram image record is performed. Furthermore the 
monomer which remained with heating (it is heat-treatment for 1 to 30 minutes at the range of 
60-120 **) after hologram exposure is fixed by polymerization, and. Thermosetting epoxy 
oligomer and/or the monomer (A) which exist in the circumference of the interference fringe 
formed from the density difference produced by the polymerization of the polymerization nature 
monomer (B) with the strong acid by which it was generated simultaneously with radical 
species and which are base materials serve as the structure of cross linkage by cationic 
polymerization, and a refractive index becomes high, Refractive index modulation is reinforced. 
Weatherability, such as intensity of the hologram photosensitive recording medium 1, and 
chemical stability improve according to this bridge construction. 

[0047'JAIthough helium cadmium laser, argon laser, krypton laser, helium neon laser, etc. can 
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be used as a light source suitable for the hologram photosensitive recording material of this 

invention in the exposure process of an interference pattern, it is not limited to this. 

[0Q48]Hereafter, a concrete example explains this invention still in detail. 

Thermosetting epoxy monomer 100 weight section shown by <Example 1> following formula 

(V},[0049] 

[Formula 5] 



[0050]What carried out the mixture solution of triethylene-glycol-diacryiate 50 weight section 
and diphenyliodonium hexafiuorophosphate 5 weight section, and the 3,3-carbonyl bis(7- 
diethylamino)coumarin 1 weight section to 1,4-dioxane 200 weight section was used as the 
sensitizing solution. After having applied this sensitizing solution to the glass plate so that 
thickness might be about 15 microns, and forming a photosensitive layer, the photosensitive 
layer top was covered by the polyvinyl alcohol (PVA) film, and the hologram photosensitive 
recording medium was produced. 

[0051 ]The 2 light-flux optical system for hologram photography which shows drawing 2 a 
hologram photosensitive recording medium performed heat-treatment at 100 ** after exposure 
for 30 minutes, using argon laser (514.5 nm) as a light source, and the hologram was 
produced. 

[0052]The diffraction efficiency of the obtained hologram was measured with the 
spectrophotometer by a Jasco industrial company. This spectrophotometer can install a 
photograph multimeter with a 3-mm-wide slit on the circumference with a radius [ centering on 
a sample ] of 20 cm. The measuring condition entered 0. 3-mm-wide monochromatic light into 
the sample at the angle of 45 degrees, and detected the diffracted light from a sample. The 
ratio of the biggest value and the time of receiving direct incident light, without placing a 
sample was made into diffraction efficiency except regular reflection light. It measured similarly 
about the diffraction efficiency before heating. The evaluation result is shown in Table 1. 
However, D.E. and R.I.C in front shows diffraction efficiency and refractive index modulation, 
respectively. 

[0053]lnstead of <Example 2-5> triethylene glycol diacrylate (TEGDA), diethylene glycol 
diacryiate (DEGDA), Except using neopentyi-giycol-diacrylate (NPGDA) ethylcarbitoi acrylate 
(EKA) and 1 ,6-hexanediol diacrylate (HDDA), the production hologram of the hologram was 
carried out like Example 1, and diffraction efficiency was measured. It measured similarly 
about the diffraction efficiency before heating. The evaluation result is shown in Table 1. 
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[0054] 



[Table 1] 
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SO 








D.L (» 


H. i.C. (X100) 
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S 7. i 
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0. 4 5 


88 






DEGDA 


2 0 


I 5. 3 




0. 5 0 


92 






NPGDA 


20 


t 4. 8 


! 8 


0 50 


90 






EKA 


2 0 


1 6. 2 


2 ! 


0 50 


84 


2. 1 i 


mm 5 


HDD A 


2 0 


1 7. 2 


2 ! 


0. i 7 


88 


1. 65 



[0055]TEGDA; Triethylene glycol diacrylate DEGDA ; Diethylene glycol diacrylate NPGDA ; 
Neopentyl glycol diacrylate EKA ; Ethylcarbito! acrylate HDDA ; 1 ,6-hexanedioi diacrylate 
[0056] Except using the thermosetting epoxy monomer shown by following formula (Vi) and 
(VII) instead of thermosetting epoxy monomer (V) of <Examples 6 and 7> example 1 , 
respectively, production holograms were produced for the hologram like Example 1 , and 
diffraction efficiency was measured. It measured similarly about the diffraction efficiency before 
heating. The evaluation result is shown in Table 2. 
[0057] 
[Formula 6] 



CH,-CH-CH S — 0-<foVc-<OV-0-CH.-CH-CH, 

\ / ^ I ^ \ / 



[0058] 
[Formula 7] 




[0059] 
[Table 2] 



ElR. (X) R. I.C (xiOO) 



0. 5 5 
0. 5 5 



2. 0 7 
2. i 8 
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[OOeOjit was shown by following formula (VIS!) instead of thermosetting epoxy monomer (V) of 
<Example 8-1 0> example 1, and except the theoretical value of n using each thermosetting 
epoxy oligomer which is 1, 3, and 5, respectively, production holograms were produced for the 
hologram like Example 1, and diffraction efficiency was measured. It measured similarly about 
the diffraction efficiency before heating. The evaluation result is shown in Table 3. 
[0061] 
[Formula 8] 

r ch, . CH. 

^H I -CH-CH 1 |-(>^)-C-^0-CH I -CH-CH I -U^-C-^-OrCH r CH-CH t «) 
0 I CH S OH K CHi V 



[0062] 
[Table 3] 



^■7- (A) 



B.S. (JO R.i.C. Cx 100) 



[0063]lnstead of the 3,3'-carbonyl bis(7-diethyiamino)coumarin which is a sensitizer of 
<Example 1 1-14> example 1, 3-ethyl-5-[ethylidene [ 2 -(3-ethyl-2-benzothia ZORIRIDEN}- ]] 
rhodanine (Dye-1), ****_********** tetrabenzoporphyrin (Dye-2), 3-(2'-benzimidazole)7-N ! and N- 
diethylamino coumarin (Dye-3), Except using 2-benzoy!-3-(p-dimethyiaminophenyi)-2-pro 
PENENI tolyl (Dye-4), respectively, the hologram was produced like Example 1 and diffraction 
efficiency was measured, it measured similarly about the diffraction efficiency before heating. 
The evaluation result is shown in Table 4. However, when exposing, 488-nm light was used for 
Dye-1 , Dye-3, and Dye-4 instead of 514.5 nm of argon laser, and the 647-nm light of krypton 
laser was used for Dye-2. 
[0064] 
[Table 4] 
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mm\ 2 | Dye -2 
XWI 3 | Dy e-2 
xmii | Dy e-4 



[0065]Dye-1; . 3-ethyl-5-[ethylidene [ 2 -(3-ethyl-2-benzothia ZQRIRIDEN)- ]] rhodanine Dye-2; 
****„********** tetrabenzoporphyrin Dye-3; 3-(2'-benzimidazole)7-N and N-diethylamino 
coumarin Dye-4; . 2-benzoyl-3-(p-dimethylamjnophenyl)-2-pro PEN EN I tolyi [0066]Even if it 
neglected the hologram of Example 1-14 under the environment of 10 hours at 180 days and 
150 ** by 25 ** and 6Q%RH, the decline in diffraction efficiency was not accepted. 
[0067] 

[Effect of the InventionjThermosetting epoxy oligomer and/or the monomer containing the 
fluorene derivative which cationic polymerization is possible at solvent fusibility as are stated 
above, and described above in this invention, and is a solid in ordinary temperature and 
ordinary pressure, (B) The polymerization nature monomer which has at least one or more 
ethylene nature unsaturated bonds whose boiling points it is a fluid in ordinary temperature 
and ordinary pressure, and are not less than 100 ** in ordinary pressure, and in which a radical 
polymerization is possible, and differs in thermosetting epoxy oligomer (A) and a refractive 
index, (C) If it exposes in chemical action radiation, constitute from sensitizing dye which 
carries out sensitization of the photoinitiator which generates simultaneously radical species 
and BURENSUTTEDO acid, or Lewis acid which activates a radical polymerization and 
cationic polymerization, and the (D) photoinitiator (E). 

Therefore, while having the sensitivity, the resolution, diffraction efficiency, and transparency 
which were excellent in the light region in especially dry processing, it excels in weatherability. 
such as heat resistance, and the chemically stable hologram photosensitive recording material 
and photosensitive recording medium for holograms can be provided, 
it can use for the photosensitive recording material for holograms for HOE with a very high 
military requirement. 



[Translation done.] 
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